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ABSTRACT

The present rayort is concerned with the effect of stimulus variation in
w".-ral •dimensions simultaneously uln the accuracy of discrimination in

absolute .udguent. The di~ions vere size, hue and brtghriese. The dis-
carinio =azure& for these dnsio were o u sepaately and werre

in varicus ways. Discriuinability vas better for the multidimnsional series
of stimu.i than fur any of t!i ecmpounded dimensions used aloe. It vas further
shwn that ht discrizinatior. accuracy for a cmpom-ded or multiduensioal
series can be predicted If tht discrimination accuracy of the separate dimensions
is Inown. This prediction in based on the asswiption that the accuracy of
aiscri2ination on the several dimensions is iudependent vhea simultaneously
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Can a aeries of stizali be rwre accurately discriminated frcu ca oa nother it
they differ on two or three dimensions than if they differ aloca a einole Oiina-
r21on? And, nan the dim1nnrWlFn-ticnn eaCeure-'S C'J for i Z- t~--'o- tw.
predicted itria the discriminabil~ity of the comonount A ~mifa1naln Tjtt-le
tal work has been performed on the'se specific -questions, bui; tbere are several

J rapo-,ts in the literature Utat indicate multilimensional cues facilitate learniUS
and~ reduce reaction ti=. P-ninger (3) folund that -ats l.earned ft &IS-er--1iUition
problem, more ramid~ly vwhen visual amd auditoiry cues vrar c~owpuded than *bez
either auditory or vistal cues vere used ýOoas Similar findings wer. obtained
by ýLiller using com~poutda of visual and auditory modalities in a classical tandi..
tionitng study (8). In both thc&2 studies cco~unding %o. acrone clifferent =e-nm

wwitc2.l "vr, two atd Avehabaftthat reactintm is reduced when.

a card sortin~g task that sorting Vas more rapid if the carsh differed in both
nu-er ond ectt t-te fte ~I . breoe Anm i~ieiz (9)

found that reaction timse to control leve-rs w%@ m re pid if it Aa iobe 4iifsrted
ini both hue and form than if they diff~ered only on hue or only on farm.

Se'-'eral other studies have indicated, huwvevr, tha~t the, overall Voei'eptual.
situation dt.'ruines in ame cases, whether or not comoudd or multidlamusional
c~ues coi2uUlute 'to discrimination. frekzea ('" 2ouad that ca~onuding cuss on
the disensions of hue, form, size and. brightness did not increade the speed. with
which objects could be located in a visual displacy. 1k found that this failure
to iwrove locatiou tim van attributable to a Perceptual bateroganaity factor

More recently Bricker (1) has uhomn that redmuasnt Position cuss did zot eobti-

bute in learming to associate labels to a set of visual ffo1-fe.

In geus-*3 the results of vwok in this area have been to sugpsi that the
.rr ctre of compounding dimensional cues depends in sow measure vom the rtoponss
studied azd the nature of the task. In none of the cm.s has there been a direct
effort td aSsees the effects of emoun~nLF 4~osIn terms of accuracy of
discrimination or the nmmber of tliscrinitsable steps in a stimilus series that oa"
be obtained. in the -e4ftt study both discrvisination accuracy emA tL.. number of
reliably discristinable atps hae been determined for & series of stimili varying
aloig t-be dimensiton of size, his and bri ahtnee.. Tbe 41iscrizinatioua measures
obtained for etin-zli varying along these single Wimnuions vei* then cdrexd.
with the dig&-imiiition "suums obtainft when a sttoulus series- viried an nine
"A. n~ ~iej t~i" &Edi brightneea, hu= =A- briglitnean, and sirzap Was zw& b1iohtless.

IDei~z. Discrisawsion was determined by the Mathod. of absolute Judoa%,'
or as fit is saratisiev called,. the mthod, of stimulus rating. fter~te
the subjecte'to idoatif'y by a naew, nunber or value each amber of IL set atwU.
vidually ,r*4en?.(A stimuli. In tba -tresent study subjeect*Used the vibt-e fAln
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1-201 in~ order to identiry u'hich stimulus had occurred. ThIc abnolute m2ethod vus
chosenl as R~ r~&asure of discrimination since I~t is. amenable to an anxalyjS4 in
term~s of infdrmatioii theory. Garner aviA TIPekc (5) have shown that the itrorurwtion
transmitted by a Peries of stimu1li along a dimension is interpretable as the
numbe~r of stivili that, can be selected from this dim-enuion to yield pherfect
discrimination under absolute corli't ions.

Seven differc-nt aeries of stimuli vere jiudg!d in the present study. In
three of these neiries im tzz -iIUii cor s~iukg tivc tie7L~is dfritt~ n ~~±i
along a single dimensionn. These d~imens~ions were reapactively, sieh sd brih
ness. In the reiaining four stimaulus series multidiaensional atimuialis differences
wera employed. In three of these four reaainSing aeries eac~h stimulus in t~he series
could.-A be uniquhely specified on each of two dimensions, and. in the fourth series
each stimUlm-c could be specified on all three dimensioue * The brj htness and. the
size-brig~htness series each contained 17 stinuli anC. P0 stimuli Vere used. in eAch
of the- rer--ining se-ries.

Each of s-ix subject3 ma~de one hundred judgments of eaich stimulus in each of

suibject~ Mage their Jud4;ments ef the seven s '&Muu acrieus la a e-ounter-balanced.
order,2 ]7

materials and. slparatus. Teable I defines the stimuli used. in the size, hmk
brightness,, &ad. the hua:-brig9htness series and shows the response number that 'vms
assigned to each. the other three multidimensional series are not~ represented. in
this table since they were constructed by compound~iug stlwali of the single
dimensional series. In constructing these multidimensional series the comonent
single dMen-zian stimuli were superimposed one on top of the other. Thus for the
series size-hue,, stimulus I was a 1/8 in. 5 It 5/6 square, sq1,ulus 2 vow a 2/8 in.
10 R 5/6 square, atimulus 3 a 3/8 in. 5 YR 5/6 square, etc.-/ In constructing
the multidimensional series of size-hue-brightness, the Ime-brightnesm, stimuli w'e,#
couounded. vith the size stimuli in the manner described above for size-hne.

An can he seen In Table 1 the response numbers wwr,% assigned to stivuli in
such a ~mcr that the sernal order of the response numbers conformed to the
positiou of the stimuli along the dimension(s).

l/ The p- ig folliowed a 7 ;c 7 latin square which was no. qxite realiz'ed. due to
the seventh subject failinge to cosplete the *",. Ixnt. Rum~ver, b~tatstical
examira~tion of the data re~vealed no evidence of systematic pr'tctice effects from
one series to the next,.

2/ 52%e multidimensional, series of 1re.brie-tnes e -ot (n exception to this method of
construction and as a result has beenA presented in Trable 1. This exeeption vas
necessitated by the non-indepenaence of hvic and brigbtneen end. the inability to
obtain )4unsell hra in half brightness steps. It vili e!tV:o be noted in the table
th..t the hues in this series have a saturvation of four in the ?4unsell 3-!5tem stile
in the hue andt 'he size-hue series all huos hneY a naturation of six. Since the
huaes are of a different saturation and the brigh tt!e.?4' differences between adjacent
stimuli are a~ ffull brightness atep, the results obotained with this zultidiwensionaaý
?Leries are, not directl.y comrparable to those obtaitnkP Vaith the other multidisien-
sional ser-ies.
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Table 1

SPecification of the stimulus categories uaed for Ci-e, hue, brightnewe hue, brightness
and hue-brightness. The specifications for hue end brightness are givenjghtnss are given in
tim Munsell uotation. For example, .) R 5/6 indicirtes that the hue is r that the hue is red
vith a brightness value Pe 5 and a .aturation of 0 on type Munsell scale tbe Munsell scales.

I: Stimulus Dimensions na

(in. square) Hue Brightness Hue-Brighto Rue-Brgttiess

1 1/ 5 R 5/6 Nil/ 5 R 1/14 5 R /l
2 2/8 10 5/6 X 1.5/ 1oR 5/41 R 5/
3 3/8 5 Y35/6 w 2/ 5 TLR6/" 5YR 6/1.
4 4./8 1o0 Y 5/6 1 2.5/ l0 R 7/A.10 Mt 7/li

5/ 5 Y5/ N 3/ 5 Y S/5 Y 8/4
6/8 1 OY 5/6 9 3-5/ V 1jL

7/8 5 5/6145 GY 6/# 5 0 6/4
8 8/8 lo 0y 5/6 N 4i.5/ 10 01 5/o 10 GY 5/4
9 9/8 50 5/ N5/ 5 G '4/1 0 li].o 5/6 5.5 G.: 4A3

10 10/8 100 5/6 is5s/ ±00 3/1 10o 3/
11 1U/8 5BG 5/6 N 6/ 5 BG2/1 5 BG2/li
12 12j8 10 EG5/6 N16.5/ 13.0DG3/1 10 MG3/li
13 13/8 5B 5/6 7/ 5 B l/1 5 Bl4/4
ili 1)1/8 103B 5/6 N7.5/ 10OB 5t 10B 5/li
15 1518 5 P5/6 N8/ 5 PB 6// 5 6/
16 16/8 10 PD 5/6 1 8.5/ 10 PB 7/1 10 PB 7/i
1.7 17/8 5 P 5/6 1 9/ 5 P 8/. 5P 8/l
18 18/8 lo P 5/6 10 P 71. 10 P 7/l
19 19/8 5 RP5/6 ------ 5 HP 6. 5RP6/4

20 20/8 1-o Fm5/6 - 1RP 5/ 10-RP5/li

wAw.Th~R s'ýi.165 "3-



The stimuli for the size series were cut from a dark gray Paper and for the
hue. brightness, end hue-brightness series 7/8 in. sqtures of Munsell papers were
iwu.±. For all veries the stimuli Vere mounted in the center of 3 in. 10 to card-
bosaA squares tU facilitate handlirn.

Proce.ure. The subjects were -m individua.ly w1th an average of five one
hour sessions being require t judge the stiiwli in mny one series. Prior to
beginning the experimental judgnts on a given series, each subj"et msda eight
practice judgents with correction of each stimulus in the series. Following the
practice judw ntz oaa huv4red Judm. nt. of et-h cumulus were obtained during
the experimental sessions. In all each subject made a total of 13,A00 experimental
judgments over the seven stimulus series during the experimental sessions.

As was mentioned above, all stimuli were mounted oa Vhite cardboard squares.
Four of these stimulus cards were constructed for each stimulus. The stimulus
ceris were presented to the subject one at a time and his Judgsnt recorded. The
experimenttil sese!ion8s vre broken up into blocks of udPents wher a block was
i-fined &a four judgments on each stimaus in the particular series. Between
blocks the subject was given a short rest while the experimenter thoroughly
reshuffled the stimulus cards in order to insure a ran&A arder oF www.n'.-'---

Subjects. The six subjects were male undergraduate students at The Johns
Hcpkins University. None had previously served as a subject in a psychopbysical
experiment, All vere screened by a shortened version (2) of the Isbihara Color
Vision test to insure that they were color normal.

III. RESU

Two different methods have been used to express the discrimination accuracy
obtained with the three single and the four multidimensional stimulus series.
The first of these was to determine the information transmitted in bits (It)
between the stimuli and responses in each series. Garner and Hake (5) have shown
that the antilogarithm to the base 2 of It is interpretable as the maximum nu.=-r
of stimulus values that could be selected from a series of stimuli if -. 'rorless
discrimination were desired. The second method consisted of computing the average
percent of correct responses given to the stimuli vithin each sense.

As. erato step in evaluating the results an o er&Ul test of t1e significance
of differenoes in discrimtination accuracy between the different series was tade.
. value of I• for each subject was cc@Wuted for each of the seven series. These

tvalues were Tthen subjected to a two-way analysis of variance (stimulus series
and subjects). The resulting I of 20.48 (P> .0001) desmqtrated that the varia-
tion in accuracy between series was much greater then cotL11 be reasorably attri-
buted to chance.

The discrimination accv-acy obtained with u•c. h of the seven series is shown
it Table 2. The first coli• of tlilz t~blt givt the average valve of It for the
aL-" subjacts. 14 the secoi; %olumu the at;tilog of the It value to the base 2 for

wADc To I-l_65-4



Table 2

Discrimination accuracy .or the threz sxigle and the for
multidimensionul at1alus *cries

Number of Stisuli Average Ntr'e2tICAbsolutely COrct Judpmnt5
BStmulus Series Die rAbluablet - - *-abObserved Predicted 1
size 2.84 7.19 47.5

Hue 3.06 8.:5 53.4
Briant.nea 2.3Ah 5.06 4-1.

Size-ffe 3.55 -11.90 76.2 72.6

Size-Brigbtnese 2.98 7.39 59.8 59.5

Rue-Brightness 3.76 13-55 84.2

Sir.t-Hue-BxightInehu 4.11 17.28 1 96.5 5-

* Based %T=m errnr term for the analysis of variance, differea.-es of .38 and .52
1ivIta ar sigaificant at tba .05 an the .01 level, 1NIpectively.



eachi tubject h"s been averaged. through autbjacte. Thi'-A the w1n.ue,. it thie coltmi
represent the beat estinate of the baxim, number c-Z stimuilus cateeo~rieu M, valua,tliat coula b36 selected from the differLnt 6eries If errorless fiiscrlmination were
to be obtained. The third column shows the avzrage pereart cat corrcct responses
obtained. vith each series.

A3 can be seen from Table 2 there is a marked gali in discrimination when
t-ro or three dimension,ý are comound~ed. This in true, irrespett.v'e of wviich meastwe
or discrimination is considered. Mhe multidimenisional series of size-hue results itu

the hue disensiozp used alone, Tbe cit~e-brightnsess and the hut-brightness series
also yield better discrimina~tior. than is obt~ained by any of the comiponent ditnsions
used singly and in the case of the series size-bue4brightness where stimustli differed
from adjacerit stlarali in the series on each of theae ditnsions discrisdin!.= mws
ncarlv perfect for all 20 istimauli.

This im',roveveint in disariuinati.nn obtained by compounding dlimesions indicates
at least a muderatc degree of -,.ndepe,-dence in the accura~cy with which tw~o or awre
dimensions are simultaneously Judged. That is to saLY, the- accuracy with VMLCha
irubject Judges or rateta a hut- at a given moment is leas than perfectly ewrrAlte-A-
vith the neccuracy with which he rates a Particular size or brightness Talus. In fatt

* t!;_- t:,repent data suggest that the va~lue of thia correlation is close to zero.

Th rsults obtained with the iniltic~measional series can be predicted rather Wwell by the use of thr-ee &acs-zptions conc erning discrimination bethavior uner the
mrretgent conditivins. Their arts I

1. At a given mwnt In tiro., the response tendency (rating) to % MaUI`ý OR
oedimension is independent of t-ersos ednyt giue - te.

dimensions.

2.u~ The distribution of response freqU0Ucie tO a StIM1usSaviltn&I Vma

evoed s arespontse.

In Table 3 the $A assui~tiOnE haVe b"es wgs& to pedict the distribution of
responses to stimulus nuniber 8 (8/8 In. 10 0! square)in the multal ansiamal size-
hue series. hni d stml rxbr&1tehe r n h

The fi'r-.t columm of this table shove the response d~l ttribution obtained. for
this hue (L0 Or) veitoccurre eas stm=nre n teb seraLs -At

second columnn soome the distribution Of rep.~ othiz size (8/8 in. square)
ube;:. it occurred. as stimulus 8 in the size serie. r&_ 'Uhird column is tin
response distribution to tba cE)oXMd Of tLase two stimulus Wigitituaes.

If ore consider the fl rrt two col'eMn as reflecting the Btrrengh Of resfpoUSe
tendencies to these tWo stimulus Magnitudes when viOewd wear~el' V Ould
expect that 16.8* of the time vixmn tbis asiz occurred in the size-hue ueriee
the rowponse tendency 7 -rould occur a1nd 4i9-6 Of timfle this Pertieular

tend toeliit he eep~n- 6 rn keep-ang with the first assumption of ird~dne

wADC TR 5lf-16 5 6
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it would bim expected that ~49.6% or. the time vhen this vize_ =&4gitude tended to K
elicit the zvcsponse'1 this hue V-5rdtude vould tenL1 to elicit the response 8.
In keeping vith astuMPtion 3, the occurrence of this event vo'.1d give rise to the '
respnse 8- since the response 8 to the bile magnitude is a stronger response (has
a higher relatile fre~quency) than -( is to the siLze magnitlede. Ir. cther words
for thi:s particular e~vent., accuracy of discrirline.tiou' thei sitz-hup compound
would increase by 8.3% over what would have beon obtainpd r t't tilone. - 1

In a, similar vay we may consider .L11 the other pospihl ro-!:te tha-t could
ar-ise f'rca these wvc distributions. This essentially reduvip to. multiplying eVch
resp'mnse percentage for the size or hue magnitude by -the r*ýionme *percentage
for tbe other dimensional Wnituen en assigning the prod,-L t j the, response
category that baa the bdghest percentage value. Thus 0.3% .or response 5 for site
would be multiplied by 0,8 for resPonae 7 for bue &nd the r"..tuet, 0,02ý would
be &ssigned to r-eepona 7 sirnk.e it has the greatest responem L3tti-_,gth of the t"o
responses.

Column four in Table 3 is the Iredicted response difstributtao. for stimulusI
number 8 in the sizt-h'ik- oweries. It was obtained by fc~i~ovt-ag the above proceftwre -
4*th~- &- -_ ... ~.''- .A.y0e -- 4n then puei.7;A~-~ues e~ssig1nmA

to eac' reponse category, As can be seen frc the t'c~ ~ tbi' pe :.,ted ai.,tri-
bution is a fair apprximation tn- the empirical one,

The distribution predicted in Table 3', however., i :11 w;ft
ccupounred. stimuli and is not an adequate teat of the . tvemodel. Accordingly
the above described procedure vas ewrrihd out fcar eWk& stisu.A.,ý IA the size-hue,
size-brightness t.& the sire-hue-brightness series .. ;( Th prbac~ted percent corretL
judgmnts for each stimulus was then avkraged for each serica. These aversge
predicted percent (vOZrect responses are shown in colin-a f'o= ca Tablet 2 wbere they
can readily be conared with the obtAined values,

Coarisos shows the predict=~ percent correct responses are very close to the
aimirical. results. The bigg'est discrempancy is 5.8% for the multidimensional
series aize-hue-brightness,, but it is loes than 1% for size-brightness, The closef-
nczs of the fit can be further deostrated by caqrating the rank vri*"r correla.. '
ticui '^.etveeu the predicted percent correct jasigmnts ftfeh atimai-l" in a series
and the obtairtad percentage correct 'udgments. For the size-hue series this rank
order correlation is .86 for the 20 stilai, sal for the-17 stivuli !,%~ the sise-
brightness series., rho is .77. A similar revi ard-er cor: reis~c.~.±y the site..hiu-
brightnees was not practicable since the discrimination accuracy f= :,iis series vas
nearly perfect and there was litzle or to variation ogtkm r-.&ictcA or the
obtajited. 3uW nts fcr the st~wlli in tbis series.

~/It was not possible to obtain such predictions for the hu.-brightness series
since, as was pointed out in the section on Procedure, +"t?- = 1tidimensionml
series vas not a simple ccaiound of the stimuli useL In the hue and brightness
series * Due to limitations of Mainsail hues It was wecessary to use a full -ur1&%t-
nnes step between &daethue '48n tUis multidimensional series whereas in the
brightnests serrite Plowe, he' -brijgi;oAws nteas were eemployed, Also. as a co=-
sequence it vas necessary for the se brightness value# to be compondd with

several. different Znns.
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Table 3

Dst•itbution of rewpinses in percent to the 8/8 in. square in the size
mNW1e3, thb 10 01 in the hue serion, and to the cmpound of these tvw valuer

in the size-hbu series (N : 600)

Size-Nue Siz•e-Re

Response Siu gut Obs ervyed rredc ed

5 0.3 0.0 0.0 0.0

6 0.7 0.0 0.0 0M0

7 16.8 0.8 1.7 2.1•

8 9•.2 ,6 81.5 72.8 I

9 24.0 19.8 12.3 18.3

10 8.6 17.5 4.3 5.6J

1. 3.0 9.5 0.2 1.2

12 0.2 2.7 0.0 0.0 J

WI

I

m u o w m mu•u mi• u • • •mmm JA



IV. DISCUSSION

The results of thO presant study show quite clearly that compounding dimen- 3
sional differences between stimuli results in a large as well as a significant
iuprove~mnt in discrimination under the absolute method of judgment. This Imp-oVe-
mert in discrimination indicates at least a moderate degr. of Independence- -t a
given time between a subject's ability to *.*Ve correctly a magitude on one
dlmeasion and his ability to rae correctly magnitudes on other dimensions. In
the present case it rmi possible by ausiing complete independence of judgmentsto predict with reasowaL.! acenuracy the diserivinability of comound.0 or multi.
U.imensional stimulus series frca the diseriminability of the comonent diwensions.

It should be noted, however, that the results obtained ihere ar,- .imitea to the
visual dimensions exployed and to thL type of discrimination that occurs under
conditions of absolute Judgment. The importance of the perceptual teaek and the per-
formance measure studied has been pointed out earlier in this paper to be a factor
in determining the eT-fct of compounding denional diraerencos be~vaen stimuli
(1, 1). Also it seems quite reasonable wo expact that ther =rs psychological

dimensions Aere judgmental accuracy at a mament in time is correlate-d 41n va-ring
degrees with judgental accuracy on other dimenziowA. The exi;tence of such
dimension& and the factors determining the correlations noed to be determined.

It should be noted in the present study that te. subjects were wenl aware of
the different dimensions along which the comounded stimuli differed, Most of
the suhtb.cts, VWn questioned after the experiment, stated that they were aw-re
of the coponent dimensions in making their judgments of a compounded stimulus.
Thia avareneez must be considered as another restriction on the obtained results,
siDct it is quite likely that certain other dimensions may combine in such a
mmner that the resultant rt1imulus is perceived as a Woole where the observer is not
aware of all the coompnent dimensions. Possible examples are the dependence of
pitch upon loudness and visual forms. In a alailar iay the compounding of a large
number of dimensions ay result in the loss of ready awareness of soe of the
dimensions "nvo',e.d in the compounding. If this latter case were true, It might
set the uper limit on the .aount 01' iprovement in discrimination that can be
obtaiaed via compounding dimensions.

There is one: other as•ect of the present data that deserves comment. Thti
concerns the niuber of abeolutely identifiable or discriminable steps that cs4
i:.U obtain.-rd -vwit tbz hike aiu urightness diwnsions. Since the ent-e ranWe of
v-.iblu hue and utarly the entire range of brightness was used in these respective
st .xuus series, tbe nimber of absol...ely discrisinable steps obtained for these
ciaensions may be co4sidered as close approximations to the maaximum obtainable.
As vas seen abo-v, vary Zew values could be selected from the brightness dimenai un
so as to satisfy the criterion of perfect discriminability =Aar abso!ute conditions.
Thz 10nta 9,agest a maximum of about five vullizs. The u xlxr.. nhumbr of "alaes
that zou.•d be selected from the hue dimension to meet this criterion is soL-evhat
largtr. Here the data indicute thaý at least eight hao.s of equal brightneds a-1
tuturation could be so selected. This number for hue is screwhat less than the

, - L- v- L-Ld oy UaLsey and Chapanis (7). Their data indicated
that between ten and t-welvc hues could be absolutely d 4 r"_?-
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This discrepancy between the two sets of data seems most likely io be due
to differences in amount of practice given the subjects. Th2sey and Chapenis
practiced their subjects until there wae no f=rhher learning f:- trial to trial.
If only the last 20 J-atments of each of the 20 hue stiuli mre considered in the
present experiment, it Is found that the subjects wert trazsmitting an average of
3*44 bets of information from the hue dimension. The antilog to the base 2 of this
value is 11, whicn is quite ionparable to the figure arrived at by Halsey and
Chapanis. A comparable computation for the brightness series resultA Ihn an 6verage
of 2.59 bits which indi,;ates about six steps on the brightness dimensicn are
absolutely discriminabl.o

V. SIM ARY

The present study was concerned with the contribution of mrltidimensional
atimls d efgeacco to accuracy of discrimination. Discrimination acc=-•cy was
determined by the method of absolute Jtftment for e deries of stimxul.i varying along
the dimension of isize, of hue, and of brightness. The discrimination measures
obtained for these stimuli varying along these single dimensions were then com-
pared with the discrimination measures obtained when a series of stumuii varied
on size and hue, size and brightness, hue and brightness, and size, hue and oright-
ness.

The reeults demonstrated that the discrIminability for a multidimensional
series of etimuli was coneid.rably greater than that obtained for an• of the
coupoundini diwensions used alove. It was further shown that the discrimination
accuracy for a ecnounded or multidimensional series of stomuli could be predicted
-ith re-!eonable prrecision if the discrimination mccuracy of tha compounding!
dimnsions vas known. This predictability was based upon the assumptior '%f
independence in the accuracy wit"- vhich magnitudes on two or more dimensions are
simultaneously judged.
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